Advances in prenatal ultrasound imaging, especially the advent of cross sectional scanning, allowed the echocardiographic features of the normal mid-trimester fetus to be correlated with anatomical sections in 1980.' The study reported in 1980 showed that most of the features that characterise the normal heart in postnatal life can also be seen in the fetus. However, it also highlighted some of the differences between prenatal and postnatal cardiac findings, particularly the more horizontal position of the heart produced by the size of the fetal liver and the equality of the right and left ventricular dimensions when imaged in a four chamber projection. In addition, as was expected from our knowledge of fetal physiology, the patent foramen ovale and the patent arterial ductal connection were visible in every normal fetus. Since 1980 improvements in the resolution of vaginal transducers have led to the study of the conceptus at increasingly early stages of gestation. The evaluation of embryological features such as the appearance of the yolk sac and the physiological hemiation of the midgut can be studied and even used to date the pregnancy accurately.2 Many of the standard echocardiographic views can be obtained as early as 11 to 12 weeks of gestation' and the atrioventricular and arterial Doppler flow velocity profiles can be analysed. 4 The heart is one of the first organs to develop in the embryo, with cardiac motion seen between 26 and 32 days after conception' (5-6 weeks post-menstrual age), when the crownrump length is between 5 and 10 mm. The atrioventricular endocardial cushions and atrioventricular valves develop in post-menstrual weeks 6-7, the outflow tract septum is completed between post-menstrual weeks 7-8, and the interventricular foramen closes between post-menstrual weeks 8 and 9.6 The tricuspid valve is the last cardiac structure to complete its formation at post-menstrual weeks 9-10. We attempted to evaluate the fetal heart during the first trimester of pregnancy to see Frontal and left profile photomacrographs of microdissected human embryonic and fetal hearts were selected from the collection described in detail by Pexieder and Janecek.8 Briefly, the embryos and fetuses were fixed by high flow/low pressure intraventricular perfusion9 with 2% glutaraldehyde and 1% formaldehyde. After postfixation in 1% osmium tetroxide, the embryos and fetuses were microdissected. Each step of the microdissection of the heart was documented by taking macrophotographs using the Wild M400 Photomakroskop.
Results

ECHOCARDIOGRAPHIC IMAGES
The videotape recorded was examined frame by frame. Images obtained with the 5 MHz proved noticeably coarser than those obtained with the 9 MHz transducer. The spine and umbilical cord were used as landmarks for posterior and anterior orientation respectively. The ultrasound images of cardiac morphology were difficult to understand in embryological terms between post-menstrual weeks five and nine and will be the subject of further analysis. After nine postmenstrual weeks, however, careful analysis of videotaped material allowed the recognition of characteristic features in the 21 fetuses in this group. At nine weeks the heart lay centrally in the thorax with the apex almost directly opposite the spine. The right heart was found in the right half of chest and the left heart in the left half of the chest (fig 2) . The colour flow map enabled us to confirm the suspected cross sectional findings. The pulmonary trunk was readily seen when it was located in perpendicular orientation to the ultrasound beam, as it was in the fetus illustrated. This vessel originated in the right chest and crossed the midline diagonally to join the descending aorta slightly to the left and in front of the spine. The ascending aorta could not be seen well on cross sectional scanning in this embryo-fetal position but the colour flow map showed it clearly. Flow within the aorta arose in the left ventricle and was directed rightwards initially before turning to form the aortic arch in the same manner as is seen in the older fetus. 10 There was in addition a clear discrepancy between the aortic and pulmonary size at this gestational age, with the pulmonary trunk smaller than the aorta-the reverse of the findings at 18 weeks' gestation."I By the 10th week of gestation, the heart orientation was changing to a position more typical of later pregnancy.'2 The apex had moved to the left and the pulmonary trunk had become a more left sided structure, running towards the spine and the ductal junction with the descending aorta. The pulmonary trunk was still smaller than the aorta.
By the 11th week of gestation, the positional change was complete. In addition, the stomach was by now identifiable" and could be used to confirm the interpretation of the left and right sides of the thorax. In addition the four chambers and great arteries were more readily identified (fig 3) . By this stage the great arteries were becoming more equal in size.
These findings were consistent in the 21 At nine postmenstrual weeks, the embryonic heart was in a horizontal position ( fig 4B) . The origin of the pulmonary trunk lay to the right so that this vessel had to cross the midline ( fig  4A) , joining the descending aorta, via the arterial duct, at an acute angle ( fig 4B) . At this stage diameter of the arterial duct was smaller than the diameter of the pulmonary trunk. Ramification of the anterior interventricular coronary artery was already visible. At 10 postmenstrual weeks the root of the pulmonary trunk had moved closer to the midline ( fig 4C) and seemed to be slightly smaller than the ascending aorta. The size of the arterial duct had increased ( fig 4D) and the apex of the heart was starting to point caudally.
At 12 postmenstrual weeks the origin of the pulmonary trunk lay slightly on the left of the midline and almost perpendicular to the aortic arch ( fig 4E) . The diameter of the pulmonary trunk begain to approximate to that of the ascending aorta. At the same time the size of the arterial duct had further increased ( fig 4F) . By comparing figs 4B, 4D, and 4F, we could follow the change in orientation of the pulmonary artery, from antero-posterior oblique ( fig 4B) to cranio-caudal (fig 4F) .
Discussion
The organogenesis of the heart has always fascinated cardiologists. This is partly because of its intriguing complexity and partly because of its importance in the formation of the abnormal heart, particularly those malformations which involve abnormal looping or abnormalities of conotruncal (outflow tract) septation. Anatomical studies of early abortus specimens7 have detailed the morphological features of the heart as it develops in the first weeks after conception. If the normal characteristics and sequence of cardiac development could be visualised and described, deviations from this normal pattern or delay in cardiac formation might indicate a nascent malformation. This may help to identify primary aetiological factors contributing to the malformation, because they would be acting when development was abnormal.
This study was not designed to identify all the usual normal cardiac connections in early pregnancy with a view to offering early prenatal diagnosis. Although this may be possible in time, in the first instance the normal features of the fetal heart must be understood and not misinterpreted. For example, if the heart in the mid-trimester fetus is in a central position it may indicate a cardiac malformation. '4 In addition, in later pregnancy a pulmonary trunk smaller than the aorta indicates some degree of right ventricular outflow tract obstruction.'5 In the late embryos and early fetuses we studied, these were normal features of early development. This was confirmed when we compared the echocardiographic findings with anatomical studies of the fetal heart at the same gestational age. In addition, despite experience of over 13 000 fetal heart examinations (LA), identification of cardiac structures was qualitatively difficult in the smallest fetuses or those in whom the lower resolution transducer was used and it required intensive study of recorded material. Therefore, with current ultrasound equipment at the present time, the technique is not likely to be useful for clinical diagnosis. Also the study was opportunistic in that images were recorded during evaluation of early pregnancy and not specifically for cardiac examination. There is no known risk to the early fetus associated with the use of ultrasound or colour flow mapping. Colour flow mapping is a normal part of this assessment and its use was kept to a minimum in the cardiac analysis.
The embryos and fetuses we studied were 5 mm to 55 mm long. The fetal heart is known to be very prominent anteriorly and to occupy most of the fetal chest in the smallest fetuses. This has been documented in both anatomical studies and by transvaginal scanning.'6 17 The cardiac images which we were able to interpret with confidence, and have described here, were obtained in fetuses over 20 mm long. The developmental changes that involve the formation and fusion of the endocardial cushions, conotruncal septation, and closure of the interventricular foramen occur before this time, when the embryo is between 5 and 20 mm long. However, the cardiac anatomy of the smaller fetuses and embryos proved difficult to identify and will require further study and probably higher resolution transducers to interpret.
CONCLUSION
The most recently developed high resolution transvaginal transducers allow visualisation of the later developmental changes in cardiac morphology. The interpretation of these findings can be confirmed by study of microdissected embryos and early fetuses.
